A cutaneous current perception threshold (CPT) sensory testing device measures both large and small diameter sensory nerve fiber function and may be useful in evaluating differential neural blockade. Eight subjects received both lumbar epidural saline and lumbar epidural lidocaine. Five milliliters of normal saline was administered and the CPTs were measured. After the saline, 10 mL of 2% plain lidocaine was administered. CPTs, and sensation to touch, pinprick, and cold were subsequently measured. Saline had no effect on any measurements.
Lidocaine caused an increase in all CPTs at the umbilicus and the knee reaching a statistical significance at 5 Hz for the umbilicus only. The great toe showed a slight increase of the 5 Hz stimulus and no increase of the 2000 or 250 Hz stimulus. There was a significant decrease in touch, pinprick, and cold sensation at the umbilicus and knee and a significant decrease in the cold sensation at the great toe. There was no effect on any measurements made at the mastoid. Epidural lidocaine resulted in a differential neural blockade as measured by a CPT monitor but not with crude sensory measurements.
(Anesth Analg 1997;84:1071-5) D ifferential epidural blockade is often used to evaluate chronic pain syndromes. The technique is used to differentiate sympathetic, somatic, and central pain. Because lidocaine is short-acting and has a rapid onset, it is usually the local anesthetic of choice for this procedure. Since the description of this technique by Winnie and Collins (l) , it has generated much controversy. Both in vitro and in uivo studies have cast doubt on the existence of a differential effect of local anesthetics on varying sizes of nerve fibers. Although zones of differential sensory block after neuroaxial local anesthetics have been demonstrated in humans (2) (3) (4) (5) , both in viva and in vitro studies have produced conflicting results (6, 7) . With the crude sensory measurements used in the human studies, it is difficult to determine which fibers are blocked. In addition, studies have demonstrated that the systemic administration of lidocaine will result in a selective depression of C fiber-evoked activity at plasma levels of <5 pg/mL (8,9). The injection of a local anesthetic into the epidural space may result in significant plasma levels which could have widespread effects on neural function.
Recent technological advances allow quantitative measurement of the functional integrity of both large and small diameter sensory nerve fibers using a cutaneous current perception threshold (CPT) quantitative sensory testing device (10). The CPT evaluation is a noninvasive, painless quantitative sensory test which provides a reproducible functional assessment of the sensory nervous system (11). The CPT is the minimum amount of a transcutaneously applied current that an individual consistently perceives as evoking a sensation. The CPT evaluation is performed using the NEU-ROMETER CPT/ C (Neurotron, Inc., Baltimore, MD) neuroselective diagnostic stimulator which uses a microprocessor-controlled constant current sine wave stimulus to obtain CPT measures. The constant current feature automatically compensates for alterations in skin resistance and standardizes the stimulus between skin thicknesses, degrees of skin dryness, or perspiration. This device has been validated as a useful tool in the clinical evaluation of differential fiber thresholds. Recently, Liu et al. (12) demonstrated a differential block after spinal anesthesia using a CPT device. We used this device to evaluate the existence of a differential blockade after the administration of epidural lidocaine.
Methods
After obtaining institutional approval and with informed consent, eight patients (four females and four males) suffering from lower abdominal (one subject)
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Analg 1997; or lower extremity pain (seven subjects) were recruited for the study. The subjects were referred to the University Center for Pain Medicine and Rehabilitation for treatment of their pain. None of them had been seen previously in a pain clinic and had no familiarity with the epidural procedure. After explanation of the protocol and informed consent, they were entered into the following experimental trial. The CPT and sensory measurements described below were performed on the unaffected side in all of the subjects suffering from lower extremity pain. This study used a single-blind placebo-controlled design. Each patient received both epidural saline as a placebo control and epidural lidocaine. The saline administration always preceded the lidocaine administration, and the patients were told they were receiving a drug with each injection.
During the study session, a 20-gauge intravenous cannula was inserted into a forearm vein and connected to an infusion of lactated Ringer's solution at 100 mL / h. Arterial blood pressure, electrocardiogram, and pulse oximetry were monitored throughout the study. Prior to epidural lidocaine placement, a baseline study of the CPT was performed (see below). The patient was preloaded with 8 mL / kg of lactated Ringer's solution, placed in the right lateral decubitus position, and the back was prepared with Betadine. The skin, subcutaneous tissue, and supraspinous ligament were anesthetized with 1% lidocaine. Using a 17-gauge Tuohy needle (bevel directed cephalad), the epidural space was entered at the L3-4 interspace using the loss of resistance technique to air. An unstyletted epidural catheter was threaded 3 cm into the epidural space and secured. The catheter was aspirated to exclude intrathecal or intravenous placement. The patient was returned to the supine position and the CPTs were measured. Five milliliters of normal saline was administered through the epidural, and the CPTs and pain scores (see below) were measured. After the placebo measurements, 10 mL of 2% plain lidocaine was administered via the epidural catheter, and the following were measured at 15, 45, 75, 105, and 135 min:
1. CPTs and sensation to touch, pinprick, and cold at the following sites on the nonpainful side (corresponding dermatome in parentheses): mastoid process (C-2), umbilicus (T-lo), anterior knee (L-3), and great toe (L-5). 2. Cephalad anesthetic level to touch, pinprick, and cold. 3. Pain scores using a visual analog scale.
The CPT evaluation was performed as described by Liu et al (12). The current was delivered to the skin by a pair of 1 cm diameter gold surface electrodes that were separated by 1.7 cm with a clear Mylar spreader (Neurotron, Inc., Baltimore, MD). The stimulating surface of each electrode was covered by a thin layer of electroconductive gel. The intensity of the stimulus was increased from 001 to a maximum of 999 (0.01 to 9.99 mA) until the patient reported feeling a sensation. The stimulus was turned off, then the intensity was lowered 100 PA and the stimulus turned back on. This procedure was repeated until a range of 100 FA was established, at which level the patient reported feeling the higher intensity and was unable to perceive the lower intensity. Using a standardized double-blind methodology, the patient was then presented with a minimum of six cycles of randomly selected real and false stimuli, above and below their perception threshold level, until the exact CPT value was determined within a +-20-PA range. The procedure for all three frequencies at one site required approximately 4-5 min; therefore, it took approximately 15-20 min to complete testing at all sites.
Touch was assessed by gently stroking the test site with a cotton swab, pinprick using an l&gauge needle, and cold using a test tube containing ice water. The test sites were assigned the following scores in comparison with a reference site on the shoulder of the corresponding side tested: more sensitive = 3; equally sensitive = 2; less sensitive = 1; and no sensation = 0. Also, the cephalad dermatomal levels to touch, pinprick, and cold were assessed at the times mentioned above.
Spontaneous pain was measured using a visual analog scale. This was accomplished with a lOOmm ruler with a movable arrow that represented no pain at the 0 end and the worst pain ever at the loo-mm end. The patient was asked to slide the arrow along the ruler to the point that corresponded with the level of pain they were experiencing. A score was determined by measuring the distance, in millimeters, from the 0 point to the arrow.
Data are expressed as mean ? SEM. Unpaired Student's t-test was used to compare the increase in CPTs and pain scores over baseline. Bonferroni's t-test was used for post hoc testing. Kruskall-Wallis one-way analysis of variance was used to determine differences in touch, pinprick, and cold scores compared with baseline. Results of all tests were considered statistically significant at P < 0.05.
Results
The average subject age (*SD) was 42 ? 10 yr (range 27-53), the average weight was 87 & 12 kg (range 74-109), and the average height was 165 & 8 cm (range 154-178). Baseline current perception thresholds for each test site are shown in Table 1 . At thresholds, the subject described the 2000-Hz stimulus as a "light tickle," the 250-Hz stimulus as a "prickly feeling," and the ~-HZ stimulus as a deep warmth or cold. The patients typically stated that the ~-HZ sensation would persist for 2-3 s after discontinuing the stimulus. At threshold currents, no muscle twitching could be detected. The administration of 5 mL of saline epidurally had no effect on CPTs (Figure 1 ). The administration of 10 mL of 2% plain lidocaine epidurally caused an increase in all CPTs at the umbilicus and the knee reaching a statistical significance from baseline at 5 Hz for the umbilicus only (P < 0.05). The great toe showed a slight increase of the ~-HZ stimulus and no increase of the 2000-or 250-Hz stimulus. There was no effect on CPTs seen at the mastoid process (Figure 1) . Figure 2 represents the touch, pinprick, and cold scores after epidural saline and lidocaine. The administration of 5 mL of saline epidurally had no effect on touch, pinprick, or cold scores. The administration of 10 mL of 2% plain lidocaine epidurally caused a significant decrease in all scores at the umbilicus and knee (P < 0.05). Only the cold score was significantly decreased at the great toe (P < 0.05). There was no effect on scores measured at the mastoid process. The highest dermatomal decrease in sensation was to cold followed by pinprick followed by touch.
Baseline pain scores were 61.5 t 24.7. While a modest decline in the pain score occurred after the administration of epidural saline (46.13 t 10.52), this change was not statistically significant. In contrast to saline, There was no effect seen at the mastoid process. * P < 0.05. 
Discussion
The different stimulus frequencies (2000, 250, and 5 Hz) of the CPT evaluation used in the present study have been shown to be neuroselective for different fiber types (13). The ~-HZ CPT stimulus detects abnormalities that correlate with small unmyelinated fiber functioning as determined by thermal perception threshold testing while the higher frequency (250 Hz and 2000 Hz) stimulus detects abnormalities correlated with larger fiber functioning, as measured by nerve conduction velocity and vibratory perception threshold testing (14). CPT evaluations in clinical research of spinal anesthesia have demonstrated that the CPT stimulus is neuroselective. A study on the temporal regression of a 5% lidocaine spinal anesthetic correlated the sequential return of touch, pinprick, and cold sensation at the knee with the corresponding sequential return to baseline of the 2000-Hz, 250-Hz, and ~-HZ CPTs, respectively. CPTs for C fibers were the last to return to baseline (12). In addition, using the threshold current required to evoke a response, it has been demonstrated that local anesthetic blockade of peripheral nerves selectively increases the ~-HZ and 250-Hz thresholds without affecting the 2000-Hz threshold (10). This finding is consistent with previous studies on the differential sensitivities of nerve fibers to local anesthetics (6, 7) . Based on the above discussion, we had reason to believe that after epidural lidocaine, this technology would detect a more intense blockade of small unmyelinated fibers followed by the small myelinated fibers followed by large myelinated fibers. Indeed, the administration of lumbar epidural lidocaine showed a significant increase in CPTs at 5 Hz with smaller effects on the 250-Hz and 2000-Hz stimulation. This increase was most evident at the umbilicus (T-10 dermatome) and least evident at the great toe (L-5 dermatome). The sparing of the L-5 is consistent with other studies which attribute this phenomenon to the large size of the lumbosacral roots (15). We saw a modest increase in ~-HZ stimulation thresholds and no effect on the 250-and 2000-Hz thresholds at the L-5 dermatome. In addition, it has been shown that solutions placed into the epidural space tend to spread cephalad (11). The umbilicus showed the most evidence of a differential blocking effect of the epidural lidocaine. Therefore, differential blockade after lumbar epidural lidocaine may differ depending on the site tested.
Although most in vitro studies have demonstrated a higher sensitivity of small myelinated fibers to local anesthetic blockade than large myelinated fibers (7,16), others showed that large myelinated fibers are more sensitive to local anesthetic blockade (6), and unmyelinated Figure  2 . Time versus effect of the epidural administration of 10 mL 2% lidocaine on touch, pinprick, and cold sensation scores. Sensation was scored in reference to the right shoulder: more sensitive = 3; equally sensitive = 2; less sensitive = 1; no sensation = 0. There was a significant decrease in all scores at the umbilicus and knee. Only the cold score was significantly decreased at the great toe. There was no effect on scores measured at the mastoid process. P < 0.05 for the * umbilicus, t knee, and # great toe.
fibers are equal to or less sensitive than small myelinated fibers (16). In vitro studies may be misleading because of the low tolerance of large myelinated fibers to ischemia (17). Therefore, there may be selective damage to large myelinated fibers as a result of nerve dissection and ischemia which would invalidate the results. In vivo studies are more consistent with a differential blockade which has been demonstrated after spinal (3) (4) (5) 12 ) and epidural anesthesia (2) . We postulated that epidural lidocaine may result in high enough plasma lidocaine levels to result in a systemic effect (18) . Previous work has demonstrated that intravenous lidocaine can increase the ~-HZ and 250-Hz CPTs at plasma lidocaine levels as low as 1 pg/mL and 1.5 pg/mL, respectively (19). Therefore, we used the mastoid process (C-2 dermatome) as a control to rule out this possibility. There was no effect of epidural lidocaine on CPTs at the C-2 dermatome.
Most studies on differential blockade have used touch, pinprick, and cold to measure the sensitivity in different nerve fibers (2) (3) (4) (5) 12 ). The basis for using these tests to measure differential fiber activity is that it is thought that touch, pinprick, and cold stimulate A/3, A6, and C fibers, respectively (20,21). This is a crude technique of measuring differential fiber activity and may not give valid results.
Some subjects reported no sensation to touch, pinprick or cold; however, the CPTs were unchanged. This is consistent with earlier findings by Lund et al. (15) showing that in spite of loss of sensation, as reported by the subjects, somatosensory evoked potentials remained unchanged. Therefore, CPTs and somatosensory evoked potentials appear to be much more sensitive in measuring nerve fiber activity.
We demonstrated that the highest dermatomal decrease in sensation was to cold followed by pinprick followed by touch. This differential blockade is consistent with earlier studies with epidural lidocaine (2) and spinal tetracaine (5). However, based on the above discussion, the exact nerve fibers being measured are in question.
After epidural lidocaine, it appears possible to demonstrate a differential neural blockade in some patients using a current perception threshold monitor, whereas it is not possible with crude sensory measurements. The cephalad spread of epidural lidocaine results in a differential neural blockade which is detectable using crude sensory measurements. A better understanding of this correlation would allow for better use of the CPT monitor in the management of the pain patient. 
